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GAMMA-RAY LINE lNTENS1l ILS FOR DEPLETED URANIUM

CALVIN E. MOSS
Los Alamos National Laboratory, Los Alamos, New Mexico. USA

Abstract Measurements of the gamma-ray line intensities from
depleted uranium allowed us to determine which of two conflicting
previous experiments was correct. For the 1001 -keV line we obtained
a branching ratio of 0.834 I 0.007, in good agreement with one of the
previous experiments. A table compares our intensities for several
lines with those obtained in previous experiments.

INTRODUCTION .

The gamma-ray line intensities from depleted uranium are necessary for
assaying material in nuclear safeguards and for calculating the gamma-ray
flux from ob)ects containing depleted uranium. Most of the gamma rays are
produced by 2S4mPa and 2s4Pa in equilibrium with a30U (Fig. l). For the
strong 1001 -keV f ram a‘ 4mPa, the Table of Isotopesl and the Nuclear Data
Sheets~ quote a branching intensity of O.59% based on a 1963 reference. s A
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FIGURE 1 Part of the decay chain for ‘B-U.
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1971 report from the Lawrence Livermore National Laboratory gives
0.829 %.” Some difficulties In cbtairdng agrsement between calculated and
measured fluxes from objects containing depleted urmium prompted us to
remeasure the intensities of lines from depleted uranium.

EQLJIPMENT AND METHODS

For the measurements, we used three high-purity germanium detectors, five
samples and two distances in many combinations. The resolutions (full width
at half maximum) and the efficiencies (at 1332 keV relative to the
efficiency of a 7.62 cm long by 7.62 cm diameter Nal(Tl) detector] of the
three detectors were 1.9S keV and 19.8%, 1.90 keV and 11.3%, and 1.73 keV
and 31.7%. Four of the samples were disks with the following masses:
0.5 g, 5.8 g, 11.3 g, and 22.4 g. The fifth sample was a 270. O-g foil 15.’? cm
long and 10.6 cm wide. Each sample contained 0.997% 2*”U by weight. The
two distances between the source and the detector were 25 cm and 100 cm.
An S 192-channel analyzer acquired the pulse-height dlstrlbutlons.

To calibrate the efficiency of the system WQ used a radioactive source
from the US National Bureau of 8tandards (NBS) containing 1a9Sb, 1S4Eu,
and 18~Eu. The uncertainties in most of the line intel mlties were less than
0.7%. We also compared several commercial sources such a8 s@Y and ●°Co
with larger uncertainties to the NBS source to verify that there were no
gross inconsistencies. Some calibration measurements were made with just
the NBS source present: for others, the NBS source and the uranium sample
were both present and located at the same d!stance.

Analysls of the measurements required the determination of peak
areas. A program called F iT EK~ determined some of the peak areas by
flttlng a Gaussian function with tails to the peaks. Other penk area8 were
determined h the pulse-height analyzer by subtracting a straig~.t-line
approximation for the continuum under each peak. Separate background
measurements were used to correct all peah areas.

‘i wo m’~thod8 were used to determine an efficiency curve from the
efficiency calibr?tkm p~ak areas. The first method Involved flttlng the
efficiency points with the function

N AX
lnEp c E Al (ln E) ’-’

i*l

whare Ep = efflclency, Al = coefficlant, E = energy In keV, and NMAX =
maximum number of parameters, usually eight. The second method was
simply manually drawing a curve through the efficiency points.

RESULTS

Among the many gamma-ray Ilnes from dapleted uranium (F lg. 2) we chose
the five Ilneu with energies 742, 766, 786, 946, and Iof)l keV for ●nalysls.
These lines are the strongest ones In the region where our efficiency curves
are most ●ccurate. The Tmble shows that our values are In good ●greement



c. E. Moss

with those of Ref. 4. Our value of 103.7 i 0.9 photons/s/g of ~SoU for tlw
1001 -keV line corresponds to a a‘“mPa branching ratio of 0.834 k 0.W7: the
value in Ref. 4 is 0.S28 I O.~.

We have calculated recommended values for eight strong linas (last
column of the Table). These values are averages weighted by the qcare of
the uncertainties from three sources: Ref. 2 normalized, Ref. 4, and the

present work. The weighted average of the value of 103.0 t 1.0 from Ref. 4
and the value of 103.7 * 0.9 for the 1001 -keV line Is 103.4 t 0.7. We used
this value to normalize the values In Ref. 2. The uncertainties in column
two of the Table include a 14% uncertal,~ty in the overall normalization
added by Ellis-Akovall:a we omitted this uncertahlty in our weighting
procedure. Values for lines not shown in the 1 able can be calculated with a
similar weighting procedure.

TABLE Specific activities of lines from ckspleted uran!um.

Energy Nuclear
(keV) Data Sheetsa Livermoreb Present Work Recommended

25B
742
766
706
946
1001
1730
1931

7.1 i 1.0 9.1 t 0.3
7.4 * 1.0 11.e t 0.2

25*4 38.9 i 0.4
4.5 ~ 0.6 6.84 t 0.14
2.8 * 1.1 4.41 i 0.09

73 t 10 103.0 * 1.0
I.tl * 0.s 2.64 i 0,03
1.4 t 0.2 2.18 i 0.02

--- 9.4 i 0.2
12.1 * 0.7 11.65 * 0.1S
41.4 t 0.9 39.1 * 0,4

6.S t 0.5 6.73 t 0.12
4.2 ~ 0.5 4.40 i 0.09

103.7 t 0.9 103.4 i 0.7
--- 2.63 * 0.03
--- 2.16 * 0.02

aRef. 2.
bRef. 4.

ACKNOWLEDGEMENTS.——

G. P. Estes performed the Monte C~rlo calculations which convinced us of
the nsed for these measurements, E. J. Do”wdy, M. C. Lucas, J. iM.
Malanify, and E. A. Plassmann provided oupport and encouragement.

I

REFE}{ENCE~

10 C. M. Lederer
New York, 1978).

and V. S. Shirley (Eds.), Table of Isotopes, 7th ed. (Wiley

2. Y. A.”Ellls--Akovall, Nucl, Data 5hoets 4Q, 523 (1983]
3. S. B)ornholm and O. B. Nielsen, Nucl. Phys. Q, 642 (196 S).
4. R. Gunnlnk and J. F. 1 key, “Analysis of Fuel Rods by Gamma-Ray

Spectroscopy,” Lawrence Livermore National Laboratory report
UCRL-51OB6 (1971).
s. Hans Stoeffl, private communication.



EKHGY (keV)
lam 1!5CU)

102 r

10’ . .. .. ... . .... ... ,“”. ,..,.=~.,-- .—. -—---—. : .“:--- .. .. -.::,..,-- .:=.-. --------- .. . ... .. . .-. ——. —---..— —— —— --- —- .,------- -. -—-— —--
-------- ----- ____ .

10°
1 1

1s00 2!500
EFERGY OceV)

p

m.

FIGURE 2 Pulse-hei@t chtr”tiion fmm the 270.0 g $m@e of depleted
mmium at 25 cm.


